Abstract: Ultrasonic velocity (u), density (ρ), viscosity (η) 
I. Introduction
The analysis of the reliable thermo-dynamical parameter and its deviation from the ideality of the properties of liquid mixtures provide some important information about the molecular organization and their interactions that is essential for the industrial design and attaining acceptable chemical theories. In many chemical engineering areas such as process design, oil fraction characterization, and others, accurate estimation of thermodynamic, optical, and ultrasonic properties as a function of composition and temperature is particularly important [1] . In recent years, ultrasonic techniques has become a powerful tool in providing information regarding the molecular interactions of liquid mixtures owing to its ability of characterizing physiochemical behavior of the medium [2] [3] [4] [5] [6] [7] [8] [9] [10] . The experimental values of acoustical parameters allow us to establish a new predictive structural interaction that tells about the structural information of the liquid mixtures at various temperatures that are desirable for many chemical industries in a fast reliable and economical way [11] [12] [13] [14] [15] . Therefore, a deep knowledge of thermo-physical properties of binary ILs mixtures containing cation (Et 4 ) of mixed organic solvent are required for many practical applications have essentially required for scientific community [16] .
The physiochemical properties such as density (ρ), viscosity (η) and ultrasonic velocity (u) of binary liquid mixtures of 1, 4 -Dioxane and N, N -Dimethyl Formamide containing R 4 N + cation, are used to identify the behavior and its nature of structure, making or breaking effect through molecular interactions. Thermodynamic functions have also been used as a qualitative and quantitative inspect to predict the extent of complex formation, molecular interactions and molecular association in these types of liquid mixtures [17] . Many researchers have studied molecular interactions and structural properties of solution containing tetra alkyl ammonium salts in aqueous as well as non-aqueous binary solvent mixtures. Frank explained the high activity coefficient on the basis of his hypothesis according to which the structure of water is enforced around the R 4 N + ions on account of water-hating influence of large alkyl chain [18] . This result confirms that formation of cavities inside the enhanced water structure and R 4 N + ions are accommodated in the cavities so formed [19] . RN Pathak et al. reported various observations by taking aqueous and non-aqueous binary solvent mixture, adding R 4 NI salts and showing the validity of Frank's hypothesis for salts solutions [20] . Their observations were confirmed that such solute -solvent hating effect is still there and structure of any of the binary solvents is affected by the ion -solvent interactions.
An adequate knowledge of the thermo-physical properties of ammonium-based molecular solvents are essentially required to clarify the nature of molecular interactions between these solvents, as well as to design new chemical and technological processes [21] . 1, 4 -Dioxane is found in two forms; one is the boat form (polar) and second is the chair form (non-polar). These confirmations depend on the energy of the molecular system. Dioxane is known as an inert solvent having low dielectric constant (ϵ) 2.2 as compared to DMF (36.71). DMF is a stable compound with a strong e -pair donating and accepting ability and is widely used in setting such as solvent reactivity relationship.
II. Experimental And Theoretical Methods
Ultrasonic velocity (u) are measured for the binary liquid mixtures of DMF and Dioxane, in the presence of ammonium salt using a single crystal ultrasonic interferometer at 2 MHz frequency (Model-83S) supplied by Mittal enterprises, New Delhi, that has an accuracy of 0.4 m/Sec at 25 0 C. The temperature was kept constant, by constant temperature water bath with an accuracy of ± 0.1K. The densities and viscosities of selected binary system were determined at different temperatures by magnetic float densitometer [22] and Ostwald's viscometer respectively and calculated by using eq. 1 & 2.
Density (ρ) = (W+w+f×I)/(V+w/ρ pt ) (1) The terms involved in this equation have their usual meanings. The data of solution mixtures, i.e., weight, w used, current, I, passing in the circuit, ρ pt, density of pt and V, volume of float. η s / η w = ρ s / ρ w × t s / t w (2) Where, η w, ρ w and t w are the viscosity, density and time flow of water respectively and η s , ρ s and t s are the viscosity, density and time flow of unknown liquid mixture respectively.
The tetra alkyl ammonium iodide salts, Et 4 NI, Pr 4 NI, Bu 4 NI and Pen 4 NI which were used in present investigation were purified by the method of Conway et al [26] . 1, 4 -Dioxane and N, N -Dimethyl Formamide (DMF) of Qualigen's Glaxo grade, after drying on freshly ignited quicklime, was purified by distilling under reduced pressure. The middle fractions of the successive distillate were redistilled under reduced pressure till the electrical conductance of the final product was of the order of 10 -7 ohm -1 cm -1 . The purified samples were stored in dark coloured bottles. 1, 4 -Dioxane was used to prepare 0, 20, 40, 60, 80 and 100% (v/v) solvent mixtures with N, N-Dimethyl Formamide of Fluka purum grade. We have been measured the values of dialectic constant (ϵ) for different % compositions of Dioxane and DMF with the help of BI-870 dielectric constant meter (absolute accuracy to ± 2%).
III. Result And Discussion
Virtually, the thermo-physical properties of liquid mixtures with R 4 N + ions mainly depend on the nature, structure of ions and the alkyl chain length of the cation. It was observed that, for a given concentration and temperature, ultrasonic velocity (u), decreases with increasing the % composition of Dioxane in DMF as shown in Table 2 , 3, 4 & 5. Such decrease in velocity gives an indication of existence of molecular association between the components of the mixture [23] [24] [25] . Again increasing trend of adiabatic compressibility (β ad ) is observed with increasing % composition of Dioxane in DMF. This increasing trend of β ad values can be explained on the basis of the effect of dielectric constant (Є) of the solvent media. It is known that electrostatic forces of attraction, F, between the ions, is inversely proportional to dielectric constant of solvent medium (i.e. F α 1/Є), The decrease in the value of dielectric constant of the solvent medium results in strong electrostatic forces of attraction between the ions and hence ion -ion interactions become stronger and stronger as there is a gradual decrease of dielectric constant of the medium.
In the present study, the gradual decrease of dielectric constant of medium was done by increasing the Dioxane content in the DMF as given in Table 1 . Hence the increase values of β ad are obtained as shown in Fig.  1 & 2 . This happens because there is a significant interaction between ions and solvent molecules suggesting a structure promoting behaviour of the added both compositions. This may also indicate that decrease in the number of free ions showing the occurrence of increase of ionic association due to strong electro-static force of attraction [27] . Here adiabatic compressibility (β ad ) and sound velocity (u) shows positive and negative deviation respectively. According to Eyring and Kincaid, the sound velocity decreases if the molecular association increases which are reflected in the present investigation [21] . However as the % composition of Dioxane increases in the DMF content, β ad value increases in a slightly nonlinear manner as shown in Fig. 2 and departure from their linearity increases on increasing the temperature of the system, the value of adiabatic compressibility (β ad ) is greater for Pr 4 NI salt solution at 303.15K while it is found higher for Pen 4 NI at 323.15K. Such type of variations in the above curve of the β ad depends on the size of the solute and solvent molecules and types of molecular interactions such as dipoledipole, dipole -induced dipole etc. as well as molecular rearrangement between the components of the binary liquid mixtures as shown in Scheme 2. This is in agreement with the observations made by Syal et al. and Kalyanasundaram for alkali bromides in DMSO + Dioxane and poly methylacrylate (PMMA) in DMF mixture respectively at different temperatures [28] [29] [30] . Therefore, the present investigation prove that the constituent of component present in different shapes and size, involve specific molecular interactions between them, where as Bu 4 Fig. 4 . This trend of positive and negative deviations confirms that the properties of ILs mixture are affected by molecular rearrangement, molecular interactions and size of the ions at various temperatures.
The decrease in free energy suggests shorter time for rearrangement of molecules. This is attributed to hydrogen bonding charge transfer between molecules of the solution mixture. As the mixture consists of polar and non-polar liquids, in addition to dipole-dipole interactions there is a dipole-induced dipole interaction, which leads to decreasing values of ∆G after increasing the % composition of Dioxane in DMF. This observation confirms that the formation of hydrogen bonding is strong with DMF and very weak with Dioxane in the binary liquid mixtures. Dioxane present in chair conformation, which is non-polar molecule shown in Scheme 3.
The internal pressure (π i ) slowly increases on increasing the % of Dioxane in DMF liquid but decreases on increasing the temperatures for all the system. The values of internal pressure are higher for Et 4 NI salt solution at 303.15K as well as at 323.15K and also showed trends of linearity at all temperatures as shown in Fig. 5 & 6 . The internal pressure may give information regarding the nature and strength of force existing between the molecules. On increasing 20 to 80 % of Dioxane in DMF, the increase in the values of internal pressure indicates the presence of some specific molecular interactions between unlike molecules in the components. The structure of liquid is determined by strong attractive forces in the liquid with the relatively weak repulsive forces providing the internal pressure which leads to repulsive liquid molecules together [31] . On increasing the temperature from 303.15K to 323.15K of the system, the internal pressure is more sensitive to attractive forces.
The relaxation time (τ) slowly increases with increasing 20 to 80 % Dioxane in DMF content for all the system. The values of relaxation time are larger for Pr 4 NI and lowered for Et 4 NI and also showed trends of linearity at 303.15K as shown in Fig. 7 . But deviations increases on increasing the temperature of the system and the value of τ is higher for Et 4 NI and lowered for Pen 4 NI at 323.15K as shown in Fig. 8 and 303 .15K, Pr 4 NI has higher activity towards relaxation time. The dispersion of ultrasonic velocity in the system should contain information about the characteristics time (τ) of the relaxation process that causes dispersion [32] .
The relaxation time (τ) decreases with increase in the size of R 4 N + ions from Et 4 N + ion to Pen 4 N + ion. Also, the value of τ decreases with rise in temperature is shown in Fig. 7 & 8 . This trend of non -linearity curve of τ indicates that there are weak as a well as strong ionic interaction involves between the components of the binary liquid mixtures. The increase in acoustic impedance (z) values on increasing 20 to 80 % of Dioxane in DMF content can be attributed to the effective solute-solvent interactions. Fig. 9 & 10 . The acoustic impedance is a measure of the resistance offered by the liquid medium, i.e., the bulk modulus of elasticity, which depends on the structural changes of the solution [33] . The change in the values of z can be understood on the basis of ionic size and bigger size alkyl chains which provide large number of cavities inside the alkyl chains than those available in smaller size alkyl chains. The molecules of solvent mixtures are accommodated inside these void spaces of alkyl chain of R 4 NI.
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IV. Conclusion
The work performed intends to map the thermo-physical behavior of two important families of DMF and Dioxane based on ammonium families (i.e. Et 4 
